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snake. The reported observations run contrary to the usual view of the matter and, ultimately, may 
require a change in that view. 
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Potential effects of riparian vegetation changes on functional 
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Abstract 

Exotic willows (Salix spp.) are widespread riparian tree species of rivers in temperate Australia and New Zea- 
land. Despite being a Weed of National Significance, little is known about the novel habitats created by willows 
and the impact on aquatic biota of vegetation change following willow management programs. Reeds ( Phrag - 
mites australis ) and shrubs ( Leptospermum spp. and Callistemon spp.) are common taxa in the riparian zone of 
Victorian streams and are considered suitable for planting along channels in revegetation programs following 
willow removal. Categorisation of macroinvertebrates into ‘trophic’ groups allows better understanding of the 
processes of energy flow, material cycle and stream ecosystem function. Macroinvertebrate functional feeding 
groups associated with willow, Phragmites australis , Leptospermum/ Callistemon and bare bank habitats were 
examined in three central Victorian streams to gain insights to potential effects of willow removal on function- 
al organisation of macroinvertebrates. There was a significant effect of habitat on macroinvertebrate functional 
feeding groups except collectors. Notable differences in functional feeding groups included a greater abun- 
dance of predators and grazers in Phragmites habitats and a greater abundance of shredders in willow habitats; 
however, these changes were variable during different seasons. It appears riparian vegetation change associated 
with willow management could bring about change of functional organisation of macroinvertebrates in these 
streams. This suggests that the vegetation changes can bring about changes in material cycle and energy flow 
within these streams. (7 he Victorian Naturalist 127 (2) 2010, 36-48) 

Keywords: Phragmites , willow (Salix spp), Leptospermum , Macroinvertebrates, Functional 
feeders 

Introduction 

Categorisation of macroinvertebrates into 
‘trophic’ groups allows better understanding 
of the processes of energy flow, material cy- 
cling and stream ecosystem function (Cum- 
mins 1973). These groups include: (1) grazers: 
which are adapted to graze or scrape material 
(periphyton or attached algae and its associated 
microbiota) from mineral and organic sub- 
strates; (2) shredders: organisms that feed pri- 
marily on large pieces of decomposing vascular 
plant tissue (>1 mm diameter) along with the 
associated microflora and fauna; (3) gatherers 
or collectors: animals that feed primarily on 
fine particulate organic matter (<1 mm diam- 
eter) (FPOM) deposited in streams; (4) filter- 
ers: animals with specialised anatomical struc- 
tures (e.g. setae, mouth brushes, fans etc.) or 
silk suspension (Wallace and Merritt 1980) and 
(5) predators: organisms that feed primarily on 
animal tissue by either engulfing their prey or 
piercing and sucking body contents. 

The River Continuum Concept (RCC) pro- 
posed by Vannote et al. (1980) has led to a 


number of generalisations about spatial and 
temporal patterns in the functional organisa- 
tion of stream communities. Several studies 
in the Northern Hemisphere have shown that 
the life histories of many invertebrate species 
are closely linked to the autumnal leaf fall pat- 
tern of riparian vegetation (Petersen and Cum- 
mins 1974; McArthur et al. 1988) and suggest 
this pulse of energy benefits shredders in par- 
ticular. Riparian vegetation also has a direct 
influence on primary production in streams, 
hence an indirect influence on secondary pro- 
duction through the effect of shading (Quinn 
et al. 1997). Many studies found that grazers 
are more responsive to an increase in primary 
production (Glova and Sagar 1994; Lester et 
al. 1994). These findings suggest that changes 
in riparian vegetation composition have a sig- 
nificant influence over the macroinvertebrate 
community composition and their functional 
organisation in streams. 

Exotic willows have successfully colonised 
and become naturalised along many riverbanks 
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in temperate Australia (Ladson et al. 1997). It is 
estimated that willows have spread across ap- 
proximately 30 000 km of the 68 000 km river 
frontage in Victoria (Ladson et al 1997). Wil- 
lows are considered a Weed of National Sig- 
nificance in Australia and willow management 
strategies recommend their removal as the pre- 
ferred and generally only management option 
(National Weeds Strategy Executive Commit- 
tee 2000). Revegetation is encouraged follow- 
ing removal. Phragmites australis is one of the 
common native reeds of open streams and wet- 
lands worldwide (Sainty and Jacobs 1981). In- 
vasion of Phragmites in open reaches with low 
riparian vegetation cover has been observed 
in many river catchments in Victoria (CALP 
1997) and redistribution of Phragmites in riv- 
ers managed by irrigation has been observed 
in south-eastern Australia (Roberts 2000). In 
addition, Phragmites sometimes has been used 
during revegetation. The nature and avail- 
ability of Phragmites , therefore, increases the 
likelihood that it will be a coloniser of banks 
following willow removal. Native shrubs such 
as Leptospermum spp. and Callistemon spp. are 
common in many temperate Australian streams 
and are a significant component in the riparian 
zone of streams where willows are removed. It 
can be expected that such changes in riparian 
vegetation can significantly influence the mac- 
roinvertebrate functional organisation in these 
streams; however, empirical evidence is scant. 

In Australia, evergreen native vegetation has 
a continuous leaf fall through the year, usually 
with a peak around late summer (Campbell 
et al 1992; Swain et al 1993). This provides a 
continuous food source for macroinvertebrates, 
which presumably have adapted to this pattern 
of litter distribution. According to Vannotes 
prediction, shredders in Australian streams 
must occur at greatest densities during sum- 
mer and autumn, just after the major litter fall. 
By contrast, introduced willows are deciduous, 
dropping all their leaves in autumn over a rela- 
tively short period of time. Their leaves break 
down faster than those of many native species 
(Pidgeon and Cairns 1981; Yeates 1994). It was 
suggested that invasion of exotic willows along 
many river catchments has led to changes in the 
community organisation of macroinvertebrates 
that were previously adapted to a continuous 
energy supply from native riparian tree species 
(ARMCANZ 2000). It can be expected that de- 


ciduous willows contribute a pulse of leaf litter 
input to streams during autumn, which could 
contribute to the increase of shredder abun- 
dance during those seasons. Reeds can be ex- 
pected to provide habitats for filter feeders and 
suspension feeders due to their retention char- 
acteristics (Weinstein and Balletto 1999; Rooth 
and Stevenson 2000). Predators are also an im- 
portant component in the functional organisa- 
tion of communities in streams. Evidence sug- 
gests that certain habitats, such as those with 
macrophytes, facilitate predator abundance 
in streams, more so than other habitats, e.g. 
those with little or no macrophytes (Tokeshi 
and Pinder 1985). Therefore, it is important to 
explore how vegetation transition processes fa- 
cilitate predator abundance. Leptospermum and 
Callistemon are common shrubs along many 
Victorian streams and provide year-round leaf 
litter input to these streams; however, their 
contribution to functional feeding groups of 
macroinvertebrates is unknown. The aim of 
this study was to determine the likely change 
in macroinvertebrate functional feeding groups 
after willow removal in three Victorian creeks. 
This information then could be used to predict 
the consequences of willow removal on macro- 
invertebrate functional feeding groups. 

Methods 
Study sites 

Three creeks were investigated: birch Creek; 
Jim Crow Creek; East Moorabool Creek. Birch 
Creek, located in the north central region of 
Victoria, is a major tributary of the northward 
flowing Tullaroop Creek system in the upper 
catchment of the Loddon River. The riparian 
vegetation includes native Eucalyptus spp., Aca- 
cia spp., Callistemon spp., Leptospermum spp. 
and exotic Salix spp. (willows), with intermit- 
tent reed dominant stretches. The dominant 
land uses adjacent to the creek are grazing and 
cropping. Jim Crow Creek is also a tributary 
of the Loddon River, containing native vegeta- 
tion, exotic willows and intermittent reed beds. 
It largely flows through public land. The East 
Moorabool is a branch of the Moorabool River, 
which originates in the Great Dividing Range 
in Central Victoria. It flows through native 
forest and agricultural areas and has stretches 
dominated by willows and Phragmites. 
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Sampling 

Six sites (each a 100 m reach) were sampled 
from each of the three creeks, two sites per 
creek. Each site had stretches of willows, Lept- 
ospermum/Callistemon , P. australis and bare 
banks. Six random samples were collected 
from each of these four ‘habitat types’ during 
each season of 2004: early February, May, Au- 
gust and October. Sampling occurred within 
three consecutive days to counteract the effect 
of within season variation. A total of 576 sam- 
ples (6 sites x 4 habitats x 6 samples x 4 seasons) 
were collected. Leptospermum and Callistemon 
were considered as defining one habitat repre- 
senting shrubs as both were distributed com- 
monly along banks at most sites. The channel 
features and bank characteristics of sampling 
sites are given in Table 1 . 

Samples were collected using a 20 cm x 20 cm 
horizontal metal frame attached to a sampler 
with a 250 pm mesh net (Surber sampler). The 
area inside the sample frame was excavated to 
a 5 cm depth and the whole sample, together 
with the portion retained in the net as a result 
of site disturbance, was collected and sealed in 
polythene bags. Fringing willow roots, which 
extended from the bank, were sampled after 
cutting the root fraction inside the metal frame 
of the sampler. Leptospermum/ Callistemon 
roots were not as extensive as willow roots, 
and were more lignified and compactly struc- 
tured. Sampling of Leptospermum/ Callistemon 
roots followed the same collection technique. 
Phragmites was sampled after cutting the above 
ground portion of the plant and collecting the 
ground fraction within the sample frame. Any 
macroinvertebrates attached to stems were 
washed off and included in the sample. All sam- 
ples were transported to the laboratory for sort- 
ing. Dissolved oxygen, pH, conductivity and 
temperature were measured in situ immediately 
prior to sampling using TPS field probes (TPS, 
MC 81, Brisbane, Australia). Flow and depth 
also were recorded. In the laboratory, samples 
were sieved (minimum sieve size 250 pm) and 
macroinvertebrates separated and preserved in 
70% alcohol. Macroinvertebrates were iden- 
tified to species where possible (Pinder and 
Brinkhurst 1994; Cranston 1996; Dean and 
Suter 1996; Smith 1996; CSIRO 1999; Good- 
erham and Tsyrlin 2002). Information from a 
number of sources was used to partition the in- 
vertebrate fauna into five major feeding catego- 


ries, viz shredders, collectors, predators, grazers 
and filter feeders (Merritt et al 1984; Hauer and 
Lamberti 1996; Gooderham and Tsyrlin 2002). 
The live root fraction was removed from the 
sample and the remainder of the sample was 
divided into coarse particulate organic matter 
(>1 mm) (CPOM) and fine particulate organic 
matter (1 mm-250 pm) (FPOM), air dried for 
one day and oven dried at 105°C until constant 
weight was attained. After recording the dry 
weight, each fraction was ashed at 550°C for six 
hours and ash free dry weight (AFDW) deter- 
mined. 

Analysis 

Two-way ANOVA was used to analyse data. 
The factors considered in the model were sea- 
son and habitat. During the study, 92 macroin- 
vertebrate taxa were recorded. Univariate tests 
were conducted using the general linear mod- 
els procedure in the SPSS statistical package. 
Data were log transformed before analysis to 
maintain homogeneity of variance. Posterior 
pair-wise comparisons (Tukey s post hoc test) 
were conducted to estimate differences among 
groups in selected factors identified as signifi- 
cant in the ANOVA. 

Results 

Physical and chemical parameters associated 
with sampling sites 

Habitat scale variations of temperature, pH, 
conductivity and dissolved oxygen were not 
significant; however, these parameters varied 
significantly between streams (Table 2) and 
seasons. In all sites (Fig. 1), maximum tem- 
peratures were recorded during summer and 
minimum values were recorded during winter. 
Conductivity also followed the same trend, with 
higher values during summer and lower values 
during winter and spring. Dissolved oxygen was 
mostly lower during summer and autumn and 
increased during winter and spring. Stream flow 
was higher during winter and spring in Birch 
Creek and Jim Crow Creek. Moorabool sites re- 
mained stagnant throughout the experimental 
period except for a slight increase in flow dur- 
ing spring. In Phragmites habitats, lower local 
flow was recorded in many sites during high 
flow seasons, and it was higher in bare banks. 
There was a significant (p<0.05) increase in 
CPOM content in Phragmites habitats in most 
sites compared to other habitats during winter 
and spring, and in willow habitats during au- 
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Table 1. Channel features and bank vegetation characteristics of study sites (W 
Leptospermum/ Callistemon; B = bare banks. 

= willows; P 

= Phragmites; L = 

Site 

Length 

(m) 

Mean 

Width 

(m) 

Mean 

Depth 

(cm) 

dominant substrate at 



% bank cover 




W 

P 

L 

B 

Other 

1 

120 

6 

31 

Gravel/cobble 

20 

15 

20 

20 

25 

2 

100 

3 

25 

Silt/gravel/clay/scattered 

grass 

15 

25 

15 

30 

15 

3 

120 

5 

29 

Gravel/cobble/scattered 

grass 

20 

10 

20 

30 

20 

4 

100 

5 

27 

Sand/gravel/cobble 

20 

20 

18 

17 

35 

5 

100 

6 

29 

Silt/clay/ gravel/coarse 
woody debris and 
scattered grass 

15 

18 

23 

15 

29 

6 

100 

7 

34 

Silt/clay/gravel/abundant 
plant debris/many grass 

18 

17 

30 

15 

20 


Table 2. Physical and chemical parameters recorded 
recorded from study sites within streams). 

in streams during the experimental period (values were 

Parameter 


Range 



Birch Creek 

Jim Crow Creek 

Moorabool 

Temperature (°C) 

9.3-20.4 

8.1-24.4 

8.4-18.9 

Conductivity (pS/cm) 

179-1763 

38-559 

378-545 

PH 

7. 7-7. 9 

7. 8-8. 8 

7.6-8. 1 

Dissolved oxygen (mg/L) 

5.3-12.8 

5.9-14.2 

4.3-12.4 

Average flow (m/sec) 

0-2.0 

0-2.0 

0-0.5 


tumn. In Leptospermum habitats, higher CPOM 
was recorded during summer in most sites com- 
pared to winter and spring. Higher FPOM was 
recorded in Phragmites habitats compared to 
other habitats in many sites. In willow and Lept- 
ospermum habitats, more stable levels of FPOM 
were recorded in many sites (Fig. 2). 

Macroinvertebrate functional feeding groups 
associated with habitats 

Shredders 

There was a significant effect (p<0.05) of habitat 
on shredder abundance (Table 3). In all seasons, 
shredder abundance was highest in willow hab- 
itats (Fig. 3). This increase was more prominent 
during spring. In the other three habitats, more 
or less similar numbers of shredders were ob- 
served. In all habitats, Hyalidae and Parameliti- 
dae were the dominant families, contributing to 
more than 90% of the shredder abundance. 


Predators 

There was a significant effect of habitat (p<0.05) 
on predator abundance (Table 3). In all sea- 
sons, except summer, predator abundance was 
highest in Phragmites habitats. During summer, 
Leptospermum and bare banks had higher pred- 
ator abundance. Major taxa that contributed 
most to the predator abundance in Phragmites 
habitats were Tanypodinae (42.69%), Coena- 
grionidae (25.44%) and Ecnomus sp. (6.39%). 
In bare banks, Corixidae (adult and nymph) 
(31.73%), Necteresoma sp. (20.53%) and Tany- 
podinae (18.66%) were the major predators. 

Grazers 

Habitat also showed a significant association 
(p<0.05) with the abundance of grazers. Grazer 
abundance was also higher in Phragmites habi- 
tats. This was more prominent during autumn, 
winter and spring seasons. However, in willow 
habitats, the highest number of grazers was re- 
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CPOM 



FPOM 



Fig.2. Mean ± SE of coarse particulate organic matter (CPOM) and fine particulate organic matter 
(FPOM) in habitats during different seasons. P = Phragmites; W = willow; L = Leptospermum/Cal- 
listemon ; B = bare bank. BC=Birch Creek; JCC= Jum Crow Creek; MR= Moorabool River. 


corded during autumn. Major taxa contributing 
to total grazer abundance in willow habitats were 
Potamopyrgus antipodarum (45.22%), Glypto- 
physa sp. (15.08%), Orthocladiinae (14.32%) 
and Physa acuta (12.54%). During summer and 
autumn, Potamopyrgus antipodarum and Physa 


acuta contributed 53% and 14.5% respectively 
to the total grazer abundance in willow habi- 
tats. In Phragmites habitats major taxa, which 
contributed to total grazer abundance, were 
Hydroptilidae (22.09%), Physa acuta (18.14%) 
and Glyptophysa sp. (17.06%). 
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Fig. 3. Mean ± SE of (a) shredders, (b) predators, (c) grazers 
associated with habitats during different seasons. P = Phrag- 
mites; W = willow; L = Leptospermum/ Cal l istemon; BB = 
bare bank. 
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Fig. 3. Mean ± SE of (d) filter feeders (e) col- 
lectors associated with habitats during differ- 
ent seasons. P = Phragmites; W = willow; L = 
Leptospermum/Callistemon ; BB = bare bank. 

Filter feeders 

There was a significant association (p<0.05) 
between habitat and the abundance of filter 
feeders (Table 3). Notable increase in filter 
feeders was observed in Leptospermum/Cal- 
listemon habitats during autumn, winter and 
spring. Bare banks and Phragmites habitats also 
showed marked increases in filter feeders. In 
Phragmites habitat, Pisidium sp. (55.53%) and 
Sphaerium sp. (38.54%) were the major filter 
feeder taxa. Simulium sp. (45.96%), Sphaerium 
sp. (15.38%) and Pisidium sp. (12.82%) contrib- 
uted most to filter feeder abundance; however, 
Simuliidae were more abundant during winter 
and spring, contributing 91.93% and 75.00% 
respectively with lowest values during autumn 
(4.65%). Sphaerium sp. and Pisidium sp. per- 
centages were highest during summer (41.51% 
and 35.85% respectively) in willow habitat. In 
Leptospermum/Callistemon and bare bank hab- 
itats, Sphaerium sp. and Pisidium sp. were the 
most abundant filter feeding taxa. Simulium sp. 
also was abundant in bare banks during winter 
and spring. 


Collectors 

There was no significant association between 
habitats and the abundance of collectors (Ta- 
ble 3). Major families contributing to collector 
abundance in Phragmites habitat were Wun- 
dacaenis sp. (45.83%), Chironominae (17.88%) 
and Tasmanocoenis sp. (11.91%). Major fami- 
lies contributing to collector abundance in 
willow habitats were Chironominae (24.71%), 
Wundacaenis sp. (23.31%), Tasmanocoenis 
sp. (14.11%) and Elmidae larvae (11.84%). 
The highest percentage of Chironomidae 
was recorded in willow habitat during winter 
(56.29%). In Leptospermum/Callistemon habi- 
tats, Wundacaenis sp., Chironominae, Elmidae 
larvae and Tasmanocoenis sp. contributed more 
than 75% of the total collector abundance. In 
bare bank habitats, Wundacaenis sp., Chi- 
ronominae, Tasmanocoenis sp. and Tubificidae 
contributed more than 80% of the total collector 
abundance. In Phragmites habitats, there was a 
seasonal increase of collectors during winter 
and spring in many sites compared to summer 
and autumn. A similar trend was observed in 
bare bank habitats during spring. 

Discussion 

A positive correlation between shredders and 
CPOM content has been reported by many 
authors (Dudgeon, 1989; Read et al . , 1994). As 
suggested by Vannote et al (1980), shredder 
abundance is closely related to the autumn leaf 
fall pattern of forested streams in the Northern 
Hemisphere. Cummins et al. (1989) suggested 
that shredders are closely linked to the timing 
of litter inputs; however, contrary to this, Bunn 
(1986) found the abundance of shredders was 
not synchronised with peak summer leaf fall. 
Further, Barmuta (1988) found low correlations 
between surface organic matter and density of 
shredders in South Australian streams, and 
Towns (1985) noted that few taxa were using 
leaf litter in the pools of intermittent streams; 
however, the present study showed no clear re- 
lationship between organic matter content and 
shredder abundance in these habitats. Despite 
the higher leaf litter input during winter and 
spring, no significant increase in the abun- 
dance of shredders was observed in Phragmites 
habitat during those seasons. Similarly, in wil- 
low habitats, higher organic matter content was 
observed during autumn; however, no increase 
in shredder abundance was observed during 
autumn. Many factors affect the leaf organic 
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matter utilisation by shredders. Leaf tough- 
ness has been implicated as a deterrent to con- 
sumption of eucalypts by terrestrial herbivores 
(Ohmart et al 1987). Hanlon (1981) noted that 
disruption of leaf surface by abrasion increased 
both the preference and growth of the hydro- 
biid snail Potamopyrgus jenkinsi (Yeates and 
Barmuta 1999). Some studies have shown that 
most invertebrates find willow detritus becomes 
more attractive when it has been conditioned 
for some time (Collier and Winterbourn 1986; 
Lester et al. 1994). This has been related to in- 
creased microbial conditioning (Collier and 
Winterbourn 1986) or the removal of second- 
ary compounds that affect invertebrate feed- 
ing (Lester et al. 1994). There is also evidence 
to suggest that water quality has a profound 
influence over the microbial decomposition of 
leaves, thereby reducing microbial activity and 
reducing consumption by shredders (Barlocher 
1990; Sridhar and Barlocher 1993). These fac- 
tors may have contributed to the poor correla- 
tion between CPOM and shredder abundance 
associated with the habitats. It has been seen 
that there is an increase in shredders in willow 
habitats during spring. None of the other habi- 
tats showed such an effect. It is possible that 
habitat architecture plays an important role in 
habitat selection by particular groups of shred- 
ders. It is possible that refuge sites provided by 
structurally complex willow root mats favour 
their abundance in this habitat to escape from 
adverse physical forces such as strong cur- 
rents. Possibly, decomposing willow root mats 
provide favourable habitats for shredders in 
these streams. This emphasises the importance 
of willow root habitats as refuges for certain 
groups of macroinvertebrates. 

As previously predicted, predator abundance 
recorded in Phragmites habitat was higher com- 
pared to other habitats during all seasons ex- 
cept summer. Predator abundance recorded in 
bare bank habitats was also higher during sum- 
mer. Taxa responsible for predator abundance 
in each habitat type were different. It is evident 
that predators in these two habitats during dif- 
ferent seasons may be related to the emergence 
pattern of the taxa associated with these habi- 
tats. Some effects of habitats on predators are 
due to the differences in depth of each habitat. 
Coleoptera and Hemiptera were more abun- 
dant in bare banks and associated with shallow 
habitats, whereas in Phragmites habitat one of 


the common groups of predators, Odonata, 
was found in relatively deeper depths. This sug- 
gests that habitat depth acts as a separate niche 
space, which may reduce the degree of compet- 
itive interactions for food in the predator guild 
(Schmid and Schmid- Araya 1997). 

Higher water temperature and light intensity 
during summer were found to stimulate primary 
production and lead to an increase in the abun- 
dance of grazers (Minshall 1978; Vannote et al 

1980) . Even though grazers were expected to be 
more abundant in bare banks, grazer abundance 
was higher in Phragmites habitats compared to 
other habitats in all seasons except summer. As 
expected, grazer abundance in willow habitat 
was lower during summer. However, a relative 
increase in grazer abundance could be observed 
during autumn. It is possible that increased 
shade under the willow due to full canopy cover 
during summer hinders the light penetration 
to the channel, reducing primary production 
and hence causing a reduction in grazers. Not 
only primary production but other factors, such 
as bio-film attached to leaf matter and roots, 
contribute to the abundance of grazers (Lock 

1981) . This must be one of the reasons for the 
increased number of grazers recorded in wil- 
low habitats during autumn and in Phragmites 
habitats during autumn, winter and spring. The 
major group contributing to grazers in willow 
habitats was Potamopyrgus antipodarum. Physa 
acuta , an organic pollution tolerant taxon also 
contributed to the abundance of grazers in wil- 
low habitats. Physa acuta also contributed to 
grazers in Phragmites habitats but were most 
abundant during winter and spring, possibly 
due to increased organic matter content during 
these seasons. In Phragmites habitats, Hydrop- 
tilidae were the dominant grazers during sum- 
mer, possibly because of low flow and increased 
attachment sites available to this taxon. 

Filter feeders feed on suspended particulate 
matter. Flow increases the suspended particu- 
late matter in streams and facilitates filter feeder 
abundance (Parker and Voshell 1983). In the 
present study, filter feeders were more abundant 
in Phragmites , Leptospermum/Callistemon and 
bare bank habitats; however, the reason for the 
increase of filter feeders in Leptospermum/Cal- 
listemon and bare banks habitats was not clear. 

Collectors are considered to be the indicators 
of FPOM content in streams. They were found 
to be dominant in headwater streams by Cum- 
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mins (1974) and Hawkins and Sedell (1981). 
Summer low flows facilitate the settling of 
FPOM and have been found to increase collec- 
tor abundance (Bunn 1986). Huryn and Wallace 
(1987) suggested that collectors and shredders 
are more common in low velocity high reten- 
tion pools. Read and Barmuta (1999) surveyed 
nine rivers in south-eastern Tasmania to iden- 
tify the differences between reaches of river lined 
with willows and those with native vegetation in 
community structure of benthic invertebrates 
and the resources these plants use. This study re- 
vealed that willow roots enhance deposit feeding 
collectors during summer due to fine sediment 
in these habitats due to summer low flow. In 
the present study, collector abundance showed 
no significant variation among habitats. Flow 
exerts a positive effect on collector abundance 
because they depend on downstream transport 
of material. It can be assumed that invertebrate 
functional feeding groups associated with mid- 
dle channel habitats such as pools and riffles are 
significantly affected by flow frequencies at site 
scale. In the present study, sampled habitats were 
in a depositional littoral zone where the flow ef- 
fect is relatively low. This may have also contrib- 
uted to the little differences observed in collector 
abundance among habitats in the present study. 
Many authors have suggested that Phragmites 
habitats are favourable for macroinvertebrates 
due to reduced flow and the settling of particu- 
late matter and sediments (Weinstein and Bal- 
letto 1999; Rooth and Stevenson 2000); however, 
no such association between Phragmites habi- 
tats and collectors was observed. In all habitats, 
Ephemeroptera and Chironominae were the 
major groups contributing to total abundance 
of collectors. In willow habitats, Elmidae, and in 
bare banks, the Tubifkidae, also contributed sig- 
nificantly to the total abundance of collectors. A 
significant increase in Chironomidae percentage 
also was observed in willow habitats during win- 
ter; however, the reason for this increase was not 
clear. It is possible that some of the accumulated 
leaves, after conditioning in those habitats, facili- 
tate Chironomidae abundance in those seasons 
under willows. In bare banks Tubifkidae per- 
centage also increased during winter and spring 
compared to other seasons. It is possible that re- 
distribution of particulate organic matter due to 
onset of flow may have facilitated this increase. 

In summary, this study showed that the differ- 
ent vegetation communities investigated have 


significant influence over the functional organ- 
isation of macroinvertebrates in these streams. 
There were some trends, which could be ob- 
served in this study, which facilitated the bet- 
ter understanding of functional feeding group 
variation among habitats. In all habitats, shred- 
ders were the most abundant group recorded. A 
major distinction in functional feeding groups 
was observed in willow and Phragmites habi- 
tats. In willow habitats, shredders were more 
abundant. In Phragmites habitats, the major 
difference was predator and grazer abundance. 
Leptospermum/Callistemon and bare banks 
showed similarities in terms of filter feeder 
abundance. Collectors showed no clear habitat 
specific distribution. This suggests that vegeta- 
tion changes from willow removal can change 
macroinvertebrate functional organisation, as 
well as bring about change in the material cycle 
and energy flow within these streams. 
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Appendix. Macroinvertebrate species found in habitats and Functional Feeding Group (FFG) assignment 


Class/Order 

Family 

Species 

Assigned FFG 

Amphipoda 

Hyalidae 

Austro chiltonia sp. 

Shredder 


Paramelitidae 

Antipodeus sp. 

Shredder 


Talitridae 

sp. 

Shredder 

Isopoda 

Janiridae 

Heterias sp. 

Shredder 


Oniscidae 

Oniscidae sp. 

Shredder 


Phreatoicidae 

sp. 

Shredder 

Decapoda 

Atyidae 

Paratya australiensis 

shredder 


Parastacidae 

Cherax destructor 

shredder 

Plecoptera 

Gripopterygidae 

Leptoperla sp. 

shredder/grazer 

Trichoptera 

Atriplectididae 

Atriplectides dubios 

collector 


Antipodoeciidae 

Antipodoecia sp. 

collector 


Calamoceratidae 

Anisocentropus sp. 

shredder 


Ecnomidae 

Ecnomus sp. 

predatot 


Hydroptilidae 

Hellyethira sp. 

grazer 


Hydropsychidae 

Cheumatopsyche sp. 

collector 


Leptoceridae 

Oecetis sp. 

predator 


Leptoceridae 

Oecetis sp. 

predator 


Leptoceridae 

Triplectides sp. 

shredder 


Leptoceridae 

Triplectides volda 

shredder 


Leptoceridae 

sp. 

collector 


Leptoceridae 

Leptorussa sp. 

collector 


Leptoceridae 

Triaenodes sp. 

shredder 


Leptoceridae 

sp. 

shredder 


Limnephilidae 

Archaeophylax sp. 

shredder 


Odontoceridae 

sp. 

collector 

Coleoptera 

Dytiscidae 

sp. (larvae) 

predator 


Dytiscidae 

Necterosoma sp. 

predator 


Dytiscidae 

Rhantus sp. 

predator 


Elmidae 

Austorlimius sp. 

collector 


Gyrinidae 

sp 

predator 


Hydrophilidae 

S P 

predator 


Hydrophilidae 

Berosus sp. 

predator 


Haliplidae 

Haliplus sp. 

predator 


Psephendae 

Sclerocyphon sp. 

grazer 


Scirtidae 

Scirtes sp. 

collector 

Hemiptera 

Corixidae 

Micronecta sp. 

predator 


Notonectidae 

Anosps sp 

predator 


Veliidae 

Mesovelia sp. 

predator 

Diptera 

Ceratopogonidae 

sp. 

collector 


Chironominae 

sp 

collector 


Orthocladiinae 

sp 

grazer/collector 


Simuliidae 

Simulium sp. 

filter feeder 


Tanypodinae 

sp. 

predator 


Tipulidae 

sp 

predator 

Odonata 

Aeshnidae 

sp 

predator 


Coenagrionidae 

Ischnura sp. 

predator 


Corduliidae 

sp 

predator 


Gomphidae 

sp 

predator 


Isostictidae 

sp. 



Isostictidae 

Austrosticta sp. 

predator 


Lestidae 

Austrolestes analis 

predator 


Megapodagrionidae 

Austroargiolestes sp 

predator 


Megapodagrionidae 

sp 

predator 
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Class/Order 

Family 

Ephemeroptera 

Baetidae 

Caenidae 

Caenidae 

Leptophlebiidae 

Leptophlebiidae 

Leptophlebiidae 

Gastropoda 

Ancylidae 

Glacidorbidae 

Hydrobiidae 

Planorbidae 

Planorbidae 

Planorbidae 

Planorbidae 

Planorbidae 

Physidae 

Bivalvia 

Corbiculidae 

Sphaeriidae 

Sphaeriidae 

Hirudinea 

Oligochaeta/Megadrili 

Glossiphoniidae 

Oligochaeta 

Capilloventridae 

Enchytraenidae 

Lumbriculidae 

Phreodrilidae 

Tubificidae 

Tubificidae 

Turbellaria 

Dugesiidae 

Diptera 

Empididae 

Ephydridae 

Psychodidae 

Psychodidae 

Stratiomyidae 

Megaloptera 

Corydalidae 

Sialidae 


Species 

Assigned FFG 

sp 

collector 

sp. 

collector 

Tasmanocoenis sp. 

collector 

Atalophleia sp. 

collector 

Atalophlebia australis 

collector 

Atalophlebia australasica 

collector 

Ferissia sp. 

grazer 

Glacidorbis sp. 

predator 

Potamopyrgus antipoarum 

grazer 

Glyptophysa sp. 1 

grazer 

Glyptophysa sp. 2 

grazer 

Glyptophysa sp. 3 

grazer 

sp. 

grazer 

Gyraulus sp. 

grazer 

Physa acuta 

grazer 

Corbicula sp. 

filter feeder 

Musculium sp. 

filter feeder 

Pisidium sp. 

filter feeder 

Sp. 

predator 

sp 

collector 

Capilloventer sp. 

collector 

sp. 

collector 

Lumbriculus variegatus 

collector 

Antarctodrilus proboscidea 

collector 

Tubifex tubifex 

collector 

Branchiura sowerbyi 

collector 

Cura sp. 

collector 

sp. 

predator 

sp. 

grazer 

sp. 1 

collector 

sp. 2 

collector 

filter feeder/grazer 

Archichauliodes sp. 

predator 

Stenosialis australiensis 

predator 


One Hundred and One Years Ago 

REPORTS 

A report of the visit to the National Museum on Saturday, 10th July, was given by Mr. J. A. Kershaw, F.E.S., 
the Curator of Zoology, who reported a fair attendance of members. Attention was first of all directed to 
the collections of Victorian insects, more especially the butterflies and moths, with their life histories; then 
the other orders were inspected, as well as the Howitt collection of Coleoptera. The valuable Curtis col- 
lection of English Lepidoptera, which contains many rarities and some types, and which has been in the 
possession of the Museum for more than forty-five years, was also inspected, and seen to be in a splendid 
state of preservation. Some little time was also devoted to the fine series of skeletons now displayed for the 
instruction of students. 

From The Victorian Naturalist XXVI, p. 37, August 5, 1909 
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The truffle-like Protubera canescens is an early 
developmental stage of the Cage Fungus Ileodictyon 
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Abstract 

Recent collections from a site in the Melbourne suburb of Altona North indicate that the truffle-like fungus 
Protubera canescens is the young stage of the Cage Fungus Ileodictyon gracile. Over several months, fruit- 
bodies consistent with descriptions of Protubera canescens were observed, but later, at the same site, lattices 
emerged, typical of Ileodictyon gracile. In the unopened fruit-bodies radial threads were observed in the gelati- 
nous layer of the peridium. These structures match with literature reports of the morphology of both species, 
although they have been little discussed previously in Ileodictyon gracile. Two other truffle-like species, Pro- 
tubera africana and Rhizopogon rodwayi, have the radial threads and co-occur with Ileodictyon gracile. Thus, 
the possibility that they are also young stages of Ileodictyon should be explored. Development in Ileodictyon is 
unusual in combining the benefit of an enclosed, hypogeal truffle-like stage, where spore production is pro- 
tected from desiccation, and an epigeal lattice-stage, from which spores are dispersed by insects. ( The Victorian 
Naturalist 127 (2), 2010, 49-54) 

Keywords: Phallales; Clathracae; Protophallaceae; Lattice Fungus; hypogeal fungi 


Introduction 

Ileodictyon is the familiar Cage or Lattice Fun- 
gus, comprising two species, I. cibarium and 
I. gracile , both widespread in Australia (Grey 
and Grey 2005). They emerge from an egg-like 
structure and form a lattice with a slimy spore 
mass on the inside. In contrast, Protubera forms 
underground truffle-like fruit-bodies with the 
spore mass (gleba) remaining enclosed (inde- 
hiscent) within an outer layer (peridium). There 
are about a dozen species of Protubera , one of 
which, Protubera canescens , has been described 
from Australia (Beaton and Malajczuk 1986; 
Malloch 1989; Castellano and Beever 1994). 

In classifications based on morphology, both 
Protubera and Ileodictyon have been placed 
in the Phallales (the stinkhorn fungi), but the 
former genus has been considered to belong to 
the family Protophallaceae due to the indehis- 
cent fruit-body, while the latter genus has been 
placed in the Clathraceae (Hawksworth et al. 
1983) where the fruit-body emerges from an 
egg’ to form an above ground fruit-body with 
arms, columns, tentacles or a lattice. 

In a recent phylogenetic analysis based on sev- 
eral DNA regions, Hosaka et al. (2006) found 
that species previously assigned to Protubera fell 
within five different families: Clathraceae ( Pro- 
tubera canescens ), Gallaceaceae (P nothofagi ), 
Lysuraceae (P clathroidea ), Phallogastraceae ( P. 


hautuensis) and Protophallaceae (several spe- 
cies including the type of the genus, P. marac- 
uja). Hosaka et al. (2006) suggested that those 
Protubera species that fell within families that 
otherwise contained stinkhorns (Lysuraceae) 
and lattice stinkhorns (Clathraceae) were likely 
to be unopened stinkhorn fruiting bodies. We 
report here field observations that confirm that 
Protubera canescens is an early developmental 
egg’ stage of Ileodictyon. 

Observations at Altona North 

While looking for fungi along a stretch of Ko- 
roroit Creek on 21 May 2006, two of the au- 
thors (AS and NS) came across a large cluster 
of white, spherical fungal fruit-bodies, 3-8 cm 
diameter, on or half-buried in deep, rich, loose 
soil near or under native trees and shrubs (Fig. 
la). The location was at the bottom of a bank 
south-west of (and below) John Street, near 
Harris Reserve in Altona North. 

When handled, the white spheres felt ge- 
latinous inside, so they were not just young 
puffballs, and they had white rhizomorphs 
(root-like structures) at the base. Further ex- 
amination, particularly of the cross section 
(Fig. lb), revealed that they had a three-layered 
peridium. The outer layer was thin and mem- 
branous, and the inner layer (which bounded 
the greenish-olive gleba) was also very thin. 
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Fig. 1. Ileodictyon gracile from Altona North, a. unexpanded fruit-body (each segment on the scale at left 
^ cross sec ti° n °f unexpanded fruit-body (agreeing with structure of Protubera canescens), note 

the radial threads in the gelatinous layer of the peridium (RT) and the circular structures (Cl) at the base of 
the threads, adjacent to the gleba (GL); c. partially expanded lattice arising from ruptured peridium; d. fully 
expanded lattice and remnants of peridium (lower right) showing polygonal pattern on inner surface. Photos' 
Alice Sinnott. 


Between the inner and outer layers there was 
a thick gelatinous layer through which ran ra- 
dial, white threads, dividing the middle layer 
into roughly equal compartments. This perid- 
ium structure matches closely that of Protubera 
canescens , as described from Western Australia 
by Beaton and Malajczuk (1986) and illustrated 
by Bougher and Syme (1998: p. 127). 

Fruit-bodies of Protubera canescens and Ileo- 
dictyon had previously been observed (by TM) 
at roughly the same spot in the Royal Botanic 
Gardens Melbourne, although at quite differ- 
ent times. This raised the possibility that the 
former might be the immature, unopened egg’ 
stage of the latter. In support of this hypothesis, 
when a fruit-body of the Altona North mate- 


rial was gently cut so that a section of the outer 
peridium and gelatinous layer was peeled away, 
the whitish radial threads (sutures, see Fig. lb, 
RT) revealed on the surface of the central gleba 
formed a mosaic or lattice pattern very remi- 
niscent of an Ileodictyon. The arms of this lat- 
tice ‘in miniature’ can be seen in cross sections 
as small circular structures sitting at the base of 
the radial threads in the gelatinous layer, at the 
boundary between the gelatinous layer and the 
gleba (Fig. lb, Cl). 

As the Altona North site was easy to get to, 
and there were numerous fruit-bodies, it was 
clear that an excellent opportunity had arisen 
to check whether the peridium of P canescens 
really remained closed or not, and a watching 
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brief was kept on this location. Several further 
visits by NS and AS revealed most of the fruit- 
bodies unchanged, though a number had been 
disturbed and damaged. A likely explanation 
for this was that birds had dug out and pecked 
open fruit-bodies in search of insect larvae that 
were frequently observed feeding on the gleba. 

On a visit on 25 June 2006 there were small, 
almost dried-up lleodictyon lattices at the site. 
These had all been disturbed, and it was not 
clear whether the lattices were the result of 
natural opening or of damage by birds. Undis- 
turbed fruit-bodies, of which there were still 
plenty, remained closed. 

The situation became clearer on 1 July when 
some, at least, of the lattices were found to have 
emerged naturally (Figs lc. Id). In fact, one 
lattice, which had begun to emerge when the 
fruit-body was picked up, expanded in one of 
the collectors hands while the other collector 
was photographing it. Most of the fruit-bodies, 
however, were still closed. 

A number of unopened, undamaged fruit- 
bodies were removed and stored, half-covered 
with soil from the site, in a large pot. None 
of the potted fruit-bodies opened, and by 7 
August all had disappeared, probably eaten 
away from the inside by the larvae that relished 
the gleba. A few more lattices appeared at the 
Altona North site in July, but most of the un- 
damaged fruit-bodies remained unopened. 
On 20 August there were no longer any fruit- 
bodies at the site, just white mycelium under 
the soil and a few fragments of dried peridium. 
Below average rainfall in winter 2006 may have 
contributed to the lack of expansion of lattices. 

Synonymy of Protubera canescens with lleo- 
dictyon gracile 

Protubera canescens was described as Protubera 
because the Western Australian material was 
not seen to open and yet contained apparently 
mature spores. The only difference between the 
type description of Protubera canescens and the 
Altona North material is that Beaton and Mala- 
jczuk (1986) do not explicitly note the presence 
in cross section of circular structures at the base 
of the radial threads (which they call sutures’) 
traversing the gelatinous layer of the peridium. 
However, close examination of the original il- 
lustrations of Protubera canescens (Beaton and 
Malajczuk 1986) shows a slight expansion of at 
least some of the threads where they meet the 
gleba. Field notes with a collection identified as 



Fig. 2. Diagram of cross section of the ‘ Protubera 
canescens ’ form of lleodictyon gracile from Belgrave 
South, showing radial threads (RT) bifurcating adja- 
cent to the gleba (GL) to form circular or polygonal 
structures (Cl). 

Protubera canescens from Belgrave South (Fig. 
2) clearly depict the radial threads, with most 
of them bifurcating immediately adjacent to the 
gleba, to form triangular or irregularly circular 
structures. In the illustration in Beaton and 
Malajczuk (1986) there is also some bifurcation 
of the threads at the other end, immediately un- 
der the outer layer of the peridium, but we have 
not observed this in Victorian material. 

Radial threads in the gelatinous layer at an 
early stage of fruit-body development have 
not been highlighted for lleodictyon , but are a 
characteristic of the Clathraceae (Dring 1980). 
Radial threads are not mentioned in the de- 
scriptions of I. cibarium and I. gracile by Cun- 
ningham (1944), although in the accompany- 
ing figure of a cross section of an unopened /. 
cibarium egg (pi. XII, fig. 4), the radial threads 
are visible within the thick gelatinous layer of 
the peridium, and at their inner end are many 
structures with convoluted outlines, that are 
the developing arms of the lattice. Semmens 
(1967), in an overlooked description of the 
development of lleodictyon gracile (as Clath- 
rus gracilis), does mention the radial threads, 
calling them ‘hyphal threads forming a series 
of membranous division-walls’. He also notes 
that the tubes that will eventually form the 
fruit-body are initially attached to the base of 
the radial threads, adjacent to the gleba, and he 
depicts the incipient tubes as roughly circular 
in cross-section (Semmens 1967, plate XIV-7), 
although he does not show the tubes as occur- 
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ring at the base of each radial thread. The radial 
threads are also illustrated by Dring (1980: fig. 
17E) for Ileodictyon gracile , who does depict 
the developing lattice tubes as occurring at the 
base of each thread (as observed in the Altona 
North material). Castellano and Beever (1994) 
comment on the general similarity between 
Protubera and the Clathraceae, by virtue of the 
presence of radial threads (‘sutures’) and small, 
smooth spores, but they do not comment fur- 
ther on the great similarity between Ileodictyon 
and species of Protubera with a thick gelatinous 
middle layer to the peridium. 

We did not fully investigate the three-di- 
mensional structure of the radial threads, but 
Semmens (1967) shows that what appears as 
threads in cross section are thin plates that are 
embedded in the gelatinous middle layer of the 
peridium. When the lattice has fully developed, 
the loose and separated fragments of the perid- 
ium show a polygonal pattern on the inner sur- 
face (Fig. Id and Grey and Grey 2005: 99). This 
pattern shows the edges of those thin plates that 
formed the arms of the lattice and indicates 
where they have separated from it. This polygo- 
nal pattern is also illustrated by ‘Gaye from the 
Hunter’ (2009). 

The presence of radial threads in the thick- 
ened, gelatinous mid-layer of the peridium is 
remarkably similar in both Protubera canescens 
and the unopened stages of Ileodictyon. In other 
respects, apart from the maturity of the lattice 
itself, Protubera canescens and Ileodictyon are 
also very similar, including sharing abundant 
white rhizomorphs (although these are not 
unusual in the Phallales). 

Observation of the development of the Altona 
North material from unexpanded fruit-bodies 
to those producing a lattice shows that the mor- 
phology of the young stage of an Ileodictyon 
matches that of the description for Protubera 
canescens. This conforms to the finding of Ho- 
saka et al. (2006) that collections identified as 
Protubera canescens , Ileodictyon gracile and I. 
cibarium were all extremely closely related in a 
phylogenetic analysis of DNA sequence data. 

If Protubera canescens is an Ileodictyon , to 
which species does it belong? The two species of 
Ileodictyon , I. gracile and I. cibarium , are distin- 
guished in the lattice stage by the former hav- 
ing sinuously folded arms, which are expanded 
where joined, and the latter having concertina- 
like folding of the arms, which do not expand 


where joined (Cunningham 1944; Grey and 
Grey 2005). Lattices of the Altona North mate- 
rial fit well with the characteristics of I. gracile. 

Hosaka et al (2006) included three collec- 
tions of I. gracile and one of I. cibarium in their 
analysis of molecular data. It is not clear from 
the phylogenetic tree in Hosaka et al. (2006) if 
collections of the two species fall in separate 
clades (monophyletic clusters), because there 
is very little difference in the DNA sequences 
among the collections of both species. The two 
collections of Protubera canescens which were 
included do not cluster immediately adjacent to 
one another — one seems to fall with collections 
of I. gracile , with the other closer to the collec- 
tion of I. cibarium. There is very little difference 
between sequence data for the Protubera canes- 
cens collections and that of the two Ileodictyon 
species. Further analysis of morphology and 
DNA sequence data that includes multiple 
samples from both species of Ileodictyon is re- 
quired to confirm that I. gracile and I. cibarium 
are independent species, and to establish if the 
unexpanded material of both species has the 
form of Protubera canescens , or if there are sub- 
tle differences in the unexpanded stage of the 
two species of Ileodictyon. 

Within other families of the Basidiomycota, 
regions such as the Internal Transcribed Spacer 
(ITS) of the ribosomal DNA have been found to 
vary slightly within species, but differ between 
most pairs of species, such as in Cortinarius 
(Froslev et al 2007). The ITS was not one of the 
regions included by Hosaka et al (2006) and 
analysis of sequences from this region for Ile- 
odictyon would be of interest. 

Formal synonymy of Protubera canescens with 
Ileodictyon gracile is not warranted until unex- 
panded fruit-bodies of Ileodictyon cibarium can 
be compared to those of I. gracile to determine 
if there are any distinguishing characters be- 
tween the two species at an early stage of devel- 
opment. 

Synonymy of other taxa with Ileodictyon 
gracile 

In the type species of Protubera (P. maracu- 
ja Moller) fruit-bodies remain closed in all 
stages of development from initiation to final 
dissolution (Moller 1895 as cited by Malloch 
1989). Nevertheless, it is possible that other 
species of Protubera may be immature stages 
of stinkhorns, especially given the range of re- 
lationships uncovered by Hosaka et al (2006). 
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Most species of Protubera (Malloch 1989) have 
the gleba divided into several discrete sections, 
and hence if they do turn out to be immature 
forms, they will be unrelated to Ileodictyon. 
There are, however, two species that have a sin- 
gle, central, gleba surrounded by a thick gelati- 
nous layer which is traversed by radial threads 
(sometimes described as sutures’), and that 
also have well-developed rhizomorphs. These 
are Protubera africana Lloyd from South Africa 
(Malloch 1989) and P. parvispora Castellano 
and R.Beever from New Zealand (Castellano 
and Beever 1994). In addition, Rhizopogon 
rodwayi McAlpine from Tasmania shares a 
very similar morphology, with a gelatinous pe- 
ridium traversed by radial ‘fibres’ (McAlpine 
1895). The illustration accompanying the type 
description of Rhizopogon rodwayi also shows 
a lattice-shaped pattern on the surface of the 
peridium. Despite the close morphological 
similarity of P parvispora to P canescens, DNA 
sequence data place the former species in the 
Protophallaceae, along with P maracuja and 
several other species of Protubera (Hosaka et al. 
2006). Therefore, care must be taken in making 
judgements about relationships based solely on 
morphology 

The close similarity between Protubera canes- 
cens and P africana and Rhizopogon rodwayi 
suggests that these two species could well be 
immature Ileodictyon. It is also relevant that Ile- 
odictyon gracile is known from Tasmania and 
South Africa (Cunningham 1944; Dring 1980), 
which is where Protubera africana and Rhizo- 
pogon rodwayi occur. Cunningham (1944) al- 
ready suggested that Rhizopogon rodwayi was a 
phalloid stinkhorn egg, and Chang and Kantvi- 
las (1993) note that the type of the species has 
been annotated as being the young state of Ile- 
odictyon gracile (as Clathrus gracilis). As with 
Protubera canescens , until developmental dif- 
ferences between I. gracile and I. cibarium are 
known, it is not possible to definitely link Pro- 
tubera africana or Rhizopogon rodwayi to par- 
ticular species of Ileodictyon. 

Development in Ileodictyon 

Connection of the two ‘phases’ of the Cage 
Fungus, Protubera canescens and Ileodictyon 
gracile, indicates an unusual strategy for the 
timing of spore production in relation to fruit- 
body expansion. 

In the fruit-bodies of epigeal fungi, such as 
agarics, mature spores are not present in un- 


expanded fruit-bodies, but are produced once 
the primordial fruit-bodies have expanded sig- 
nificantly. In truffle-like fungi, where the fruit- 
body remains wholly or partially buried, the 
fruit-body never expands and mature spores 
remain within the un-ruptured peridium. Dis- 
persal of truffle-like fungi is usually the result 
of ingestion by mammals. In contrast, the Cage 
Fungus has an enclosed, truffle-like fruit-body, 
initially in which to produce spores, with the 
benefit of protection from desiccation, but then 
switches to an epigeal fruit-body, which gives 
access to insects (such as flies) which are pre- 
sumed to disperse the spores. Insects are at- 
tracted to the foetid-smelling spore masses ad- 
hering to the inner surface of the lattice, which 
explodes to its full size on rupturing of the pe- 
ridium (Bougher and Syme 1998). 

The Altona North material was initially half- 
buried and the ‘ Protubera canescens collection 
from Belgrave South was hypogeal. Bougher 
and Malajczuk (1986) note that Western Aus- 
tralian material of Protubera canescens was 
mostly hypogeal and decayed in situ. Further 
observations are required on the proportion of 
fruit-bodies that remain buried and unexpand- 
ed, and whether this is due to unfavourable 
weather conditions or other factors. The role 
of insect larvae observed to devour the gleba in 
unopened fruit-bodies also needs investigation 
as to whether this provides the fungus with an 
alternative method of spore dispersal. 

Initially, in the ‘ Protubera ’ stage, we observed 
a lattice ‘in miniature’ surrounding the relative- 
ly firm gleba. However, just before expanding, 
the lattice occupies the whole interior of the 
fruit-body, with the arms tightly folded within 
the peridium (Semmens 1967). Growth in the 
length of the lattice arms apparently pushes the 
lattice into the area initially occupied by the 
gleba. The gelatinous middle layer of the pe- 
ridium becomes a little thinner before the pe- 
ridium ruptures (Semmens 1967), which would 
also create some extra room for expansion of 
the lattice. Thus, production of spores within 
the unopened Cage Fungus fruit-body forms a 
slimy mass which adheres to the arms of the lat- 
tice as it expands before bursting from the pe- 
ridium. Presumably, spores are mature before 
the lattice bursts from within the peridium. 

Comparison of spore dimensions for Ile- 
odictyon gracile and the various Protubera and 
Rhizopogon discussed above shows only minor 
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Table 1 . Spore dimensions reported in the literature for species of Ileodictyon and selected species of Protubera 

Species 

Spore length x width (pm) 

Reference 

Ileodictyon gracile 
Ileodictyon gracile 
Ileodictyon cibarium 
Protubera canescens 
Protubera canescens 
Protubera africana 

5-6.5(-7.5) x 2-2.5 

4.5- 6 x 1.5-2. 5 
4-6 x 1.8-2. 5 
4-5.5 x 2-2.5 
4-5(-5.5) x 2-2.5 

4. 6- 6.2 x 2-2.8 

Bougher and Syme (1998) 
Cunningham (1944) 
Cunningham (1944) 

Beaton and Malajczuk (1986) 
Bougher and Syme (1998) 
Malloch (1989) 


differences (Table 1), which could well be due 
to spores in the gleba of unopened fruit-bodies 
not being fully mature (such as at a stage when 
the lattice arms were at a very early stage of 
development). Further comparison of spore 
dimensions in the sequence from unopened to 
fully open fruit-bodies would be of interest, as 
would tests of maturity (such as whether spores 
can germinate). 

Conclusion 

Protubera canescens is considered to be an early 
developmental stage of Ileodictyon , most likely 
I. gracile. Consequently, the name Protubera 
canescens should only be applied in terms of it 
being a stage of Ileodictyon. Unexpanded fruit- 
bodies of Ileodictyon should be observed to see 
what is the shape of the lattice that eventually 
emerges, in order to identify the particular spe- 
cies. Fresh collections of Ileodictyon cibarium 
need to be examined carefully to see what is the 
form of the unexpanded fruit-body, and how it 
might differ from that of Ileodictyon gracile. 

The original descriptions of Ileodictyon gracile 
and I. cibarium both date from the 1840s and 
hence, if indeed any or all of Protubera canes- 
cens , P. africana and Rhizopogon rodwayi are 
confirmed as synonyms of particular species, 
they do not threaten the priority of the two 
long-established names in Ileodictyon. 

Specimens Examined 

Material of Ileodictyon gracile (including the P. 
canescens stage) from Altona North has been 
lodged at the National Flerbarium of Victo- 
ria (MEL) and the Herbarium, Royal Botanic 
Gardens Kew (K) (N. Sinnott 3535, 3548, 3566, 
3631 and 3642). The collection from Belgrave 
South is lodged at MEL (H. Weatherhead s.n., 
=T.W. May B534). 
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New combinations in the terrestrial orchid genera 

Caladenia R. Br., Corybas Salisb. and Pterostylis R. Br. 

(Orchidaceae) for south-eastern Australia 
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Abstract 

New combinations are made in the terrestrial orchid genera Caladenia R. Br., Corybas Salisb. and Pterostylis R. 
Br. to accommodate 32 new species from south-eastern Australia and one from Macquarie Island that were de- 
scribed in genera not generally recognised by herbaria in Australia. (7 he Victorian Naturalist 127(2), 2010, 55-57) 

Keywords: Arachnorchis, Bunochilus, Hymenochilus, Oligochaetochilus, Speculantha 


Introduction 

Since 2001, over 60 new species of terrestrial 
orchids from southern Australia have been de- 
scribed in genera presently not recognised by 
State and Territory herbaria in Australia (e.g. 
Jones 2006a; 2006b; 2006c; 2007). Some of 
these new species have had new combinations 
made in recognised genera (e.g. Backhouse 
2007; Barker and Bates 2008). However, ad- 
ditional new species continue to be described 
in some of these unrecognised genera (e.g. 
Clements and Jones 2007; Jones 2008a; 2008b; 
2008c; 2009a; 2009b), necessitating further new 
combinations to be made. 

New combinations are made in Caladenia 
R. Br. (from Arachnorchis D.L. Jones & M.A. 
Clem, and Stegostyla D.L. Jones & M.A. Clem.), 
Corybas Salisb. (from Corysanthes R. Br. and 
Nematoceras Hook, f.) and Pterostylis R. Br. 
(from Bunochilus D.L. Jones & M.A. Clem., 
Hymenochilus D.L. Jones 8c M.A. Clem., Oligo- 
chaetochilus Szlach. and Speculantha D.L. Jones 
8c M.A. Clem.) to accommodate these species. 
These combinations are made so recognised 
valid names can be included in checklists of flo- 
ra maintained by herbaria in Australia. Many 
of these new species are highly localised and / 
or threatened with extinction, and a validly 
accepted scientific name makes listing easier 
under State and Commonwealth biodiversity 
protection legislation (Backhouse 2007). Pres- 
entation of author names follows the standard 
used in Walsh and Stajsic (2007). 
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Caladenia armata (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Arachnorchis armata D.L. Jones, Australian Orchid Research 5: 52 (2006) 

Caladenia atrovespa (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Arachnorchis atrovespa D.L. Jones, The Orchadian 15: 546 (2008) 

Caladenia branwhitei (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Arachnorchis branwhitei D.L. Jones, Australian Orchid Research 5: 46 (2006) 
Caladenia cadyi (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Arachnorchis cadyi D.L. Jones, Australian Orchid Research 5: 52 (2006) 

Caladenia moschata (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Stegostyla moschata D.L. Jones, The Orchadian 15: 555 (2008) 

Caladenia orestes (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Arachnorchis orestes D.L. Jones, Australian Orchid Research 5: 48 (2006) 

Caladenia ustulata (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Stegostyla ustulata D.L. Jones, The Orchadian 15: 323 (2007) 

Caladenia whiteheadii (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Arachnorchis whiteheadii D.L. Jones, Australian Orchid Research 5: 64 (2006) 

Corybas grumulus (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Corysanthes grumula D.L. Jones, The Orchadian 15: 550 (2008) 

Corybas sulcatus (M.A. Clem. & D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Nematoceras sulcatum M.A. Clem. & D.L. Jones, Telopea 11: 406 (2007) 

Pterostylis agrestis (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Hymenochilus agrestis D.L. Jones, The Orchadian 16: 176 (2009) 

Pterostylis barringtonensis (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus barringtonensis D.L. Jones, Australian Orchid Research 5: 121 (2006) 
Pterostylis chocolatina (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus chocolatinus D.L. Jones, Australian Orchid Research 5: 122 (2006) 

Pterostylis clivicola (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Hymenochilus clivicola D.L. Jones, The Orchadian 15: 492 (2008) 

Pterostylis conferta (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Hymenochilus confertus D.L. Jones, The Orchadian 16: 178 (2009) 

Pterostylis crassicaulis (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Hymenochilus crassicaulis D.L. Jones, The Orchadian 15: 493 (2008) 

Pterostylis exalla (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Oligochaetochilus exallus D.L. Jones, The Orchadian 16: 119 (2009) 
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Pterostylis ferruginea (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Oligochaetochilus ferrugineus D.L. Jones, The Orchadian 16: 120 (2009) 

Pterostylis glyphida (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Speculantha glyphida D.L. Jones, The Orchadian 16: 31 (2008) 

Pterostylis incognita (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Hymenochilus incognitus D.L. Jones, The Orchadian 16: 179 (2009) 

Pterostylis lepida (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Oligochaetochilus lepidus D.L. Jones, The Orchadian 16: 122 (2009) 

Pterostylis lineata (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus lineatus D.L. Jones, Australian Orchid Research 5: 121 (2006) 

Pterostylis macrosepala (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus macrosepalus D.L. Jones, Australian Orchid Research 5: 125 (2006) 
Pterostylis major (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus major D.L. Jones, Australian Orchid Research 5: 1 15 (2006) as ‘majus 

Pterostylis multiflora (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Speculantha multiflora D.L. Jones, The Orchadian 15: 554 (2008) 

Pterostylis parca (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus parcus D.L. Jones, Australian Orchid Research 5: 123 (2006) 

Pterostylis rubescens (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Speculantha rubescens D.L. Jones, The Orchadian 15: 554 (2008) 

Pterostylis spissa (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Hymenochilus spissus D.L. Jones, The Orchadian 16: 182 (2009) 

Pterostylis stenosepala (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus stenosepalus D.L. Jones, Australian Orchid Research 5: 130 (2006) 

Pterostylis tenuis (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus tenuis D.L. Jones, Australian Orchid Research 5: 127 (2006) 

Pterostylis umbrina (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Bunochilus umbrinus D.L. Jones, Australian Orchid Research 5: 126 (2006) 

Pterostylis ventricosa (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Speculantha ventricosa D.L. Jones, The Orchadian 16: 30 (2008) 

Pterostylis vernalis (D.L. Jones) G.N. Backh., comb. nov. 

Basionym: Speculantha vernalis D.L. Jones, The Orchadian 15: 277 (2006) 
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Rare cases of ‘climbing’ in Copperheads 
and Eastern Brown Snakes 


Introduction 

In the Melbourne area, there are three large 
elapid snakes (venomous land snakes) that are 
locally abundant; all of them are about a metre 
in length as adults. These species are the Tiger 
Snake Notechis scutatus , Brown Snake Pseudon- 
aja textilis and Copperhead Austrelaps superbus. 
The following material is based on observations 
from 2003-2009 as a government licenced snake 
controller working all suburbs of Melbourne. 

The genus Austrelaps , as first identified by 
Worrell (1963), is regarded as a generalised 
elapid species. The snakes average less than 
a metre in length (rarely more than this), are 
dangerously venomous and, where they occur 
in largest numbers, do not appear to be par- 
ticularly habitat-specific (Hoser 2009). They 
inhabit timbered country, open areas, rocky ar- 
eas, swamps, and uplands. Their diet consists of 
other vertebrates, including other snakes. 

They are most abundant, and have a competitive 
advantage against other snakes, in particularly cold 
places, due to their apparent ability to be active at 
lower temperatures. Because of their propensity to 
eat smaller reptiles (including other snakes), they 
can and do eat out all other competing species in cold 
regions, enabling them to dominate all habitats and 
niches, if they choose. The reverse applies in warmer 
areas, where a hierarchy between taxa results in Cop- 
perheads being lowly ranked and literally pushed 
about’ by other taxa, including those they may eat 
when the specimens are smaller (Hoser 2005). 

In spite of the apparent availability of trees and 
shrubs as potential habitat, Copperheads have cho- 
sen not to use those habitats accessible by climbing, 
even when there are no competing species. 

In bush habitats, it seems that the warmest places 
are at ground level as there is less wind, and hard 
cover, such as rock, seem to retain heat better. 

Hence, in cooler regions heat-seeking animals 
such as Copperhead snakes will tend to prefer 
to stay at ground level. 

Even taxa known to climb, such as Diamond 
Pythons Morelia spilota , Broad -headed Snakes 
Hoplocephalus bungaroides , Common Tree 
Snake Dendrelaphis punctulata and Brown Tree 
Snakes Boiga irregularis will tend to stay at 
ground level in cooler conditions. When tem- 


peratures rise snakes of most taxa will have an 
increased propensity to climb. This is observed 
in both captive snakes and those in the wild. 
Captive snakes will tend to climb structures 
and rest at elevated places (such as on, as op- 
posed to in ‘hides’). Wild snakes are more likely 
to be found in trees as opposed to under rocks 
or otherwise at ground level. 

Brown Snakes 

In the same period (2003-2009), no instances 
of climbing of any sort had been seen in any 
of the captures for Brown Snakes or Copper- 
heads, with the exception of the unusual ex- 
amples given below. While climbing into the 
bonnets of cars is apparently common for Red- 
bellied Black Snakes Pseudechis porphyriacus , 
it is effectively unknown for Copperheads and 
Browns, except for the two instances given here. 
This is significant in that both taxa are of simi- 
lar abundance to Tiger Snakes in and around 
Melbourne, although Brown Snakes are only 
native to what is best defined as the northern 
half of the city, and its far- western fringe. 

No examples of climbing trees or other struc- 
tures for this taxon are known. Only one case 
of a Brown Snake climbing into a car is known 
and it is documented here as an extreme case 
resulting from exceptional circumstances. 

On a hot day near the end of 2007, 1 received a 
call from Sunbury College on Racecourse Road, 
Sunbury to remove a Brown Snake seen mov- 
ing across the car park. Pursuant to my instruc- 
tions, staff surrounded the snake and watched 
it from a safe distance, while waiting for me to 
arrive. The snake fled and ended up underneath 
a car that had driven into the car park as the 
snake was crawling across the hot ground. The 
driver alighted from the car and ran. 

The snake remained under the car for a short 
time, estimated at ‘a few minutes’, but then crawled 
up into the car. The apparent reasons for this be- 
haviour were that the snake was being surrounded 
by people on all sides, and the radiant heat from 
the ground was such as to elevate the snake’s tem- 
perature to a fatal or near fatal level. 

Following my arrival, the snake was retrieved 
from inside the car’s engine space. At that stage 
it was apparently partly injured from the heat, as 
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evidenced by an abnormal ‘tilt’ in the head and 
fore body not noticed by me on a previous oc- 
casion. I had observed the snake a week earlier 
in an inaccessible place under a portable class- 
room. It had not been caught on that occasion, 
but had acted and moved in the usual manner. 

The snake was retained for about 48 hours be- 
fore release. However the ‘tilt’ had not resolved 
itself by the time it was released. 

Copperheads 

In a similar situation to the above, I had a call 
to catch a ‘Brown Snake’ at Upwey on a hot day 
at the end of 2006. This snake turned out to be 
a Copperhead (a common misidentification in 
Melbourne), which was cornered underneath 
a car parked under a shaded carport. In more 
than 40 minutes under the car, at no stage did 
it attempt to climb up inside the car’s engine 
space. 

On a separate occasion, I had a call to catch 
a ‘Brown Snake’ at Abbotsford, where I found 
and caught a yellowish brown Copperhead, 
sited in a doorway at the back of a restaurant. 
Noting that the taxon is apparently unknown 
from this part of Melbourne, I guessed that 
the snake was a vagrant and made enquiries 
about it. The snake had been seen to move from 


under a recently-parked car and into the door- 
way where I had caught it. It transpired that 
the car had just been driven from next to a 
golf course at Cheltenham. The driver had seen 
similar snakes in that area and I deduced that it 
had likely travelled either in the wheels or en- 
gine area of the car, before alighting. 

Conclusion 

Climbing structures such as trees by Copper- 
heads and Brown Snakes in the wild situation 
is rare. Tiger Snakes can and do climb regularly. 
In Victoria, however, elevated parts of trees and 
similar structures do not constitute significant 
habitat or activity areas for these snakes. 
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